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THE INFLUENCE OF OIL-IN-WATER EMULSIONS ON THE
HYDRATION OF KERATIN*
J. B. SHELMIRE, JR., M.D.
The degree of pliability of normal keratin is a sensitive indicator of the amount
of water it is able to bind. Two sources of water are available to keratin in its
physiological state; that from sweat and the atmosphere, and that which it
receives from below, through a hypothetical water barrier. The former source
varies seasonally, (1) and that which is received from below may be insufficient
to maintain pliability under conditions where water is rapidly lost by evapora-
tion. Clinically a chapping occurs, and treatment consists simply of the applica-
tion of oil film to retard evaporation.
Blank (2, 3) has given us experimental evidence that a relative inability to
bind water may also exist. He demonstrated a decrease in the pliability of callus
after treatment with both water and with various solvents. The callus so treated
was less pliable at a temperature and humidity where untreated callus remained
soft, even though the treated callus held the same or an increased amount of
water. When the above phenomenon is seen clinically as a result of contact of
such substances with the skin, the principal treatment again consists of con-
serving water by retarding evaporation.
Oil-in-water emulsions are becoming more widely used as therapeutics for the
above purpose. They may be formulated to provide an excellent water-retaining
film at lower relative humidities. They have the added advantage of not being
occlusive or macerating at higher humidities, or where there is exudation from
an inflamed skin.
The physical characteristics of oil-in-water emulsions vary greatly with their
formulation. It is the purpose of this paper to investigate various types of oil-
in-water emulsions with regard to exchange of water vapor, utilizing the more
common pharmaceutical ingredients.
METHOD
Small sheets of callus of approximately equal surface area and thickness were
used, the latter being about 0.5 m.m. All determinations were made simul-
taneously at 40°C and at a relative humidity never exceeding 55 % (dry and
wet bulb). The sheets were dried to brittleness, and coated with the emulsion
to be tested by dipping them and allowing the excess to drain off. No attempt
was made to measure the uniformity of the emulsion film over each individual
callus sheet, but since the viscosity of the emulsions was equal and the surface
area of the sheets approximately equal, it was assumed that the same amount
of emulsion would adhere to each sheet.
Since the purpose of this study was to compare various emulsion films, using
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the callus only as an indicator, no attempt was made to measure the thickness
of the film over each individual sheet.
Water enters the callus from the external phase of the emulsion, and callus of
this thickness reaches maximum pliability in about one hour. All oil-in-water
emulsions tested were equal in this hydrating effect. The pliability of the callus
was then observed over a subsequent 16-hour period. The following oil-in-water
emulsions were prepared varying oil phase, emulsifiers, and adjuvants.
(1) Oil phase
The following were used:
2% Sodium lauryl sulfate to emulsify (1) 2% cetyl alcohol and (2) 20%
stearic acid.
3 % Span 60 to emulsify 2% spermaceti.
2 % Sodium lauryl sulfate to emulsify 10, 20, 30 and 40% of each of the fol-
lowing oils: (1) sperm oil (2) mineral oil (3) olive oil.
2 % Sodium lauryl sulfate to emulsify 3 % cetyl alcohol plus 10, 20, 30 and
40% of each of the following oils: (1) sperm oil (2) mineral oil (3) olive oil.
2 % Sodium lauryl sulfate to emulsify 20% mineral oil and 10% stearic acid.
3 % Span 60 to emulsify 20% mineral oil and 3 % spermaceti.
(2) Emulsifier
It was found that an oil phase of 20 % mineral oil and 3 % cetyl alcohol emul-
sified with 2 % sodium lauryl sulfate gave a preparation slightly above minimum
for maintaining full pliability of the callus over a 16-hour period. This oil phase
was used in each emulsion as various emulsifiers were substituted. Emulsifiers
used singly, all in a concentration of 5 % were (1) sodium lauryl sulfate (2)
span 60 (3) tween 60 (4) carbowax 400 monostearate (5) triethanolamine stearate.
Combinations of emulsifiers were used: 2% Sodium lauryl sulfate was com-
bined with 5% of each of the following: (1) tween 60 (2) span 60 (3) carbowax
400 monostearate (4) triethanolamine stearate (5) cholesterol.
5% Span 60 was combined with 5% of each of the following: (1) triethanol-
amine stearate (2) tween 60 (3) carbowax 400 monostearate (4) cholesterol.
(3) Hydrophilie adjuvants
Using a constant oil phase of 20 % mineral oil and 3 % cetyl alcohol emulsified
with 2 % sodium lauryl sulfate, separate emulsions were prepared with 10 % of
each of the following: (1) glycerine (2) carbowax 1500 (3) polyethylene glycol
400 (4) acacia.
The percentage of each ingredient mentioned was chosen in an attempt to
produce emulsions of equal viscosity. Where a preparation of increased viscosity
was produced, observations were made of both this product and a version diluted
with water equal in viscosity to the standard. The preparation containing 20%
mineral oil and 3 % cetyl alcohol emulsified with 2 % sodium lauryl sulfate was
used as a standard of viscosity as well as a standard of activity with which to
compare the other emulsions. It was found to be the least viscous product
obtainable which would give maximum results under the specified conditions.
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DISCUSSION OF RESULTS
The results obtained varied greatly. The standard mentioned above main-
tained full pliability of the callus sheet over a 16-hour period, and was rated as
4+ in water-retaining efficiency. Those emulsions permitting the callus to dry
to brittleness were rated 0, and intermediate effects were graded 1+, 2+, and
3+.
It was found that regardless of ingredients, a certain minimum viscosity was
necessary to achieve 4+. This could not be obtained by emulsifying any of the
liquid oils alone. The addition of cetyl alcohol produces a product giving maxi-
mum results. No differences were noted with the various types of liquid oil used.
With 3 % cetyl alcohol, the oil concentration could be lowered to 10 % before
evaporation of water greater than that of the standard occurred.
A 3 % spermaceti substitution for the standard 3 % cetyl alcohol gave equiva-
lent results, but a 10% stearic acid substitution decreased pliability to 3+.
When spermaceti, cetyl alcohol, and stearic acid were emulsified in water
with the light oil entirely omitted, maintaining the standard viscosity, a 3+
film was obtained with cetyl alcohol, but only 1 + with either spermaceti or
stearic acid. Thus, the water-holding efficiency may not vary directly with vis-
cosity as far as the oil phase is concerned. It is also interesting that cetyl alcohol
exhibits more hydrophilic properties than either the wax or fatty acid, per-
mitting more complete emulsification, and this is apparently conducive to the
production of a water-holding film. Differences in crystallization of these sub-
stances may also be a factor.
When any single emulsifier or combination of emulsifiers was used, results
were 4 + with one exception. An ionic emulsifier in combination with either of the
hydrophilic non-ionic emulsifiers tested (tween 60, carbowax 400 monosterate)
gave a sharp drop in viscosity and increased rate of evaporation. These prepara-
tions were also the most unstable and showed a tendency to separate. However,
preparations of good viscosity could be obtained using hydrophilic non-ionics
alone. Preparations using ionic and lipophilic non-ionic emulsifiers (span 60,
cholesterol) showed the greatest viscosity increase. When these preparations
were diluted to a viscosity equal to the standard, span 60 gave better results
than cholesterol. This is perhaps due to the greater water solubility of cholesterol,
which shows some of the physical characteristics of a water-soluble adjuvant.
The emulsifiers used in the percentages noted above gave fairly stable prod-
ucts with the exception of those already mentioned. Since the proportion of each
emulsifier was standardized to compare physical effect, a preparation was
obtained which in some cases might have been made more stable by varying the
emulsifier proportions to produce a hydrophil-lipophil balance optimum for the
type and percentage of the oil phase. This is most important in span-tween
systems, but here a separation occurs before there is any sharp drop in viscosity.
Thus, in considering emulsifier systems, the water-retaining capacity of the
emulsion is directly proportioned to the viscosity.
The water-soluble or water-miscible adjuvants, although they may increase
viscosity, all produced increased evaporation. Acacia gave a reading of 0 (un-
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diluted), glycerine 2+, polyethylene glycol 400 gave 1+, and carbowax 1500
was 3+ (undiluted). The preparations containing these substances are generally
more hydrophilic and may be diluted with a larger volume of water before
separation occurs. Thus the water-retaining capacity of emulsions containing
these substances is poor, and is not directly proportional to their viscosity.
It was then decided to compare the rate of water passage through the dried
emulsion films at a high relative humidity. Again this was measured as degree of
pliability of the keratin, which was enclosed over a water bath at 40°C. The
callus sheets coated with the various emulsion films had previously been allowed
to dry to brittleness. The best water retaining type of film offers no barrier to the
passage of water into callus at a high vapor pressure, as the rate of softening is
equal to that of dried callus not previously treated with an emulsion. The
emulsion containing glycerine, as well as all other preparations, showed little
difference in rate of hydration of the callus sheet. It therefore does not appear
that hygroscopic substances increase the rate of passage of water into a naturally
hygroscopic substance such as keratin. Changes in the oil phase appeared to
make little difference as long as an emulsifier was present.
CONCLUSIONS AND SUMMARY
A semi-permeable film is formed after evaporation of water from an oil-in-
water emulsion. The emulsion may be so formulated that it becomes an adequate
barrier to loss of water contained in callus, measured over a 16-hour period.
The efficiency of this barrier depends on (1) a certain minimum viscosity (2)
the physical characteristics of the oil phase (3) the degree of hydrophilia of any
adjuvants or secondary emulsifiers which may interfere with the formation of a
continuous lipid film. Emulsifiers affect this barrier only as they change viscosity.
Changes in the oil phase or the addition of hydrophilic adjuvants may produce
an alteration of the barrier that is not directly proportional to any viscosity
change. Rydrophilic adjuvants generally decrease barrier efficiency. Thus a
preparation of high viscosity may form a barrier inferior to one that is less
viscous. The foregoing would apply under conditions of low relative humidity
where the callus loses water to the atmosphere. The passage of water vapor into
callus at high relative humidities appears not to be influenced by the presence
of an oil-in-water emulsion film or the type of film.
The lipids presumably emulsified in keratin must be primarily in an oil-in-
water emulsion, else the horn would not be able to exchange water as rapidly
as it does under extreme conditions. If this is true, both water and solvent
substances may remove lipid and emulsifier together, decreasing the total
amount of water that the horn is able to bind, hence decreasing relative plia-
bility.
Certain types of oil-in-water emulsions are unique in that they show this
water barrier characteristic at low relative humidities, maintaining it for an
effective period, while permitting rapid diffusion of water at high humidities.
This is a property not shown to any extent by water-in-oil emulsions or greases.
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23RD CONGRESS OF THE GERMAN SOCIETY OF DERMATOLOGY
The 23rd Congress of the German Society of Dermatology (Deutsche Derma-
tologisehe Gesselschaft) will be held May 23 to 27, 1956, at Vienna, Austria.
Applications for the presentation of papers should be forwarded together with a
short abstract or with the manuscript to the chairman of the D D G, Professor
0. Gans—Frankfort a.M., Univ.-Hautklinik, Ludwig-Rehn-Str. 14, not later
than February 1, 1956. The number of papers to be presented is limited.
SIGMUND POLLITZER LECTURE
Dr. Walter B. Shelley, associate professor of dermatology at the University of
Pennsylvania School of Medicine, will give the sixth annual Sigmund Pollitzer
Lecture in the Psychiatric Amphitheatre of Bellevue Hospital, 400 East 30th
Street, New York City, on Monday, March 19, 1956 at 4 p.m.
Dr. Shelley will speak on "Recent Studies on the Physiology and Biochemistry
of Itching."
